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INCORPORATION BY REFERENCE 



The present application is founded upon Japanese Patent 
Application No. 2001-278, and the contents thereof are 
incorporated herein by reference. 



1. Field of the Invention 

The present invention relates to a method of adjusting 
the optical thickness of an optical component such as an 
optical lens, a plane plate, a prism, a mirror or the like 

15 which is made from a material which has the quality of being 
transparent to the light to be used. The present invention 
also relates to an optical component of which the thickness 
has been adjusted by such a method, and to a method of adjusting 
the position of an optical component such as an optical lens, 

20 a plane plate, a prism, a mirror, or the like. 
2 . Related Art 

Generally it is required to process the shape of an 
optical component at high accuracy. Among the parameters 
which determine the shape, surface accuracy and thickness 
25 accuracy are the items which are very important for almost 
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all optical components. The accuracy which is required for 
the thickness of the optical component generally becomes more 
severe, the higher is the resolving power required for the 
entire optical system, the greater is the numerical aperture 
5 of the optical system, and the closer the position of the 
optical component is to the observation plane or to the image 
plane. In particular, very demanding accuracy is required 
with regard to the thickness of an optical component which 
is used as a so called solid immersion lens or solid immersion 
10 mirror. 

Furthermore high accuracy is demanded for the thickness 
of an optical component, if in the same component there are 
multiple optical paths due to reflection or the like, or if 
interference of light beams is employed. Naturally, if 

15 interference of light beams is employed, the wavelength of 
the light to be used becomes shorter, the higher is the 
required accuracy for the thickness of the optical component. 
As methods for processing the optical surfaces of this type 
of component , per se known methods such as polishing , pressing , 

20 or cutting or the like may be employed. 

However, the process accuracy which has recently been 
required for optical components has reached the sub-micron 
level, and it has become impossible to provide such accuracy 
for the optical thickness of optical components with the use 

25 of methods such as polishing, pressing, or cutting or the like 
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which have been employed in the past. In the same manner, the 
positional accuracy which is required when positioning an 
optical component in the optical system has reached the 
sub-micron level, and it has become impossible to provide such 
5 accuracy when processing a standard mounting surface of the 
optical component with the use of methods such as have been 
employed in the past. 

The first objective of the present invention is to provide 
an optical component thickness adjustment method which can 
10 attain the optical thickness accuracy of the optical 
component whose level is sub-micron order. 

The second objective of the present invention is to 
provide an optical component the accuracy of whose optical 
thickness is controlled to sub-micron accuracy. 
15 The third objective of the present invention is to provide 

a position adjustment method for an optical component which 
can control attachment position to better than sub-micron 
accuracy . 

2 0 SUMMARY OF THE INVENTION 

The present invention is to provide a method of adjusting 
the position of at least one optical boundary surface, i.e. 
the optical thickness, of an optical component which is made 
from a material which is transparent to light to be used. The 

25 method comprises adding process. In the adding process, at 
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least one of layers of a material which is the same as the 
material from which the optical component is manufactured, 
and of a material which has an index of refraction close to 
the index of refraction of the material from which the optical 
5 component is manufactured, is adhered to a surface of the 
optical component by at least one of vapor deposition and 
vapor growth, so that an optical thickness is increased. 

The present invention is also to provide a method of 
adjusting the position of at least one optical boundary 

10 surface, i.e. the optical thickness, of an optical component 
comprising etching a surface of the optical component to 
reduce the optical thickness. 

The optical thickness of an optical component which has 
been manufactured by the above described thickness adjustment 

15 method for an optical component is controlled to its target 
value with an accuracy of sub-micron order (0.01 Mm). 
Accordingly this process is suitable for employment if a high 
process accuracy is required such as when a high resolving 
power is required, when the numerical aperture of the optical 

20 system is high, when the position of the optical component 
is close to the observation plane or to the image plane, or 
when the wavelength of the light to be used is short or the 
like . 

Further, the present invention is to provide a method 
25 of adjusting the position of an optical component. The method 
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comprises adhering a layer of material thereto by at least 
one of vapor deposition, plating, and vapor growth to change 
the position of at least one surface of said optical 
component . 

5 In the similar manner to reduction of the thickness of 

an optical component as described above, the surface of the 
optical component can be etched to change the position of at 
least one surface thereof . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and IB are explanatory views of a thickness 

adjustment method for an optical component and of a optical 

component made by this method according to the first 

embodiment of the present invention. 
15 FIG. 2 is an explanatory figure showing a retainer which 

is used when forming an adjustment portion upon a plano-convex 

lens . 

FIGS. 3A and 3B are explanatory views of a thickness 
adjustment method for an optical component and of a optical 
20 component made by this method according to the second 
embodiment of the present invention. 

FIG. 4 is an explanatory view of a thickness adjustment 
method for an optical component and of an optical component 
made by this method of the third embodiment of the present 
25 invention. 
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FIG. 5 is an explanatory view of a position adjustment 
method for an optical component according to the fourth 
embodiment of the present invention. 

FIG. 6 is an explanatory view of a thickness adjustment 
5 method for an optical component, and of an optical component 
made by this method according to the fifth embodiment of the 
present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 In the following various preferred embodiments of the 

present invention will be explained with reference to the 
drawings. FIGS. 1A and IB are explanatory views of a thickness 
adjustment method for an optical component and of a optical 
component made by this method according to the first 

15 embodiment of the present invention. 

As shown in FIG. 1A, a plano-convex lens 11 which is a 
solid immersion lens is designed such that a bundle 500 of 
light rays (only the outer rays of the ray bundle 500 are shown) , 
which are incident from the left side of the figure upon a 

20 first optical surface 11a which is a spherical surface, is 
condensed to focus on the optical axis upon a second optical 
surface lib which is a planar surface. And, for example, by 
positioning a workpiece to be processed near this second 
optical surface lib, a desired optical process is performed 

25 upon this workpiece by the near field light from the spot on 
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the second optical surface lib. 

In order to adjust the thickness of this solid immersion 
lens, it is conventional to process its planar surface. 
However if this lens is to be used as an aplanatic lens, it 
5 is beneficial to be able to process either its spherical 
surface or its planar surface. An aplanatic lens is one for 
which the radius of curvature of its refractive surface and 
the refractive index satisfy the aplanatic condition wherein 
the following formula is fulfilled: 
10 distance = radius of curvature *( 1+1/ref ractive index) 

If the aplanatic condition is satisfied, it is possible 
to process either its planar surface or its spherical surface. 

One example of a method for production of a solid 
immersion lens will be explained. A rectangular block of 
15 material is processed into a spherical shape and a plane cut 
is made through this sphere. Then the planar surface is 
processed so as to be smoother (for example by polishing) . 
The thickness accuracy obtained in this way has been about 
± 2 U m . 

20 With this plano-convex lens 11, in one exemplary case, 

the radius of curvature of the first optical surface 11a is 
1 . 0508 mm, while the distance along the optical axis O between 
the first optical surface 11a and the second optical surface 
lib is 1.75145 mm. 

25 In order to satisfy the focusing condition for a solid 
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immersion lens, and moreover in order properly to ensure the 
state of focusing, in other words to ensure that the shape 
of the point image upon the image focusing surface is 
sufficiently small, it is necessary to enhance the processing 
5 accuracy for the thickness of such a plano-convex lens 11 to 
a level close to the size of the point image obtained. In this 
first embodiment of the present invention, the demand is for 
the diameter of the point image to be within 0.0002 mm. 
Furthermore, since the location where the point image is 

10 formed is required to fall upon the end surface (the planar 
surface) of the plano-convex lens, it is necessary to control 
the thickness of the plano-convex lens 11 such that an error 
of thickness can be limited within the focal point depth of 
the plano-convex lens 11. Accordingly, the processing 

15 accuracy for the thickness of the plano-convex lens 11 is 
required to be as good or better than sub-micron accuracy 
(0.01 Aim) . With prior art processing means it has been 
impossible to obtain this level of manufacturing accuracy, 
and accordingly sometimes the second optical surface lib has 

20 been manufactured thinner than its target value, as shown by 
the double - dotted line in FIG. 1A. Thus, adjustment of this 
thickness is performed with the method according to the 
present invention. 

For example, an adjustment portion 12 is added by vapor 

25 deposition, as shown in FIG. IB, in order to reduce the 
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deficient amount of the thickness of the plano-convex lens 
11A. In this first embodiment of the present invention, the 
plano-convex lens 11 is one which has been made from synthetic 
quartz, and therefore the material for vapor deposition is 
5 Si02. In other words, the same material are used to form the 
plano-convex lens 11A and the vapor- depositioned adjustment 
portion 12 . 

As shown in FIG. 2, the plano-convex lens 11 is mounted 
upon a retainer 13 within a vapor deposition apparatus or 

10 chamber 50, and the adjustment portion 12 is formed by vapor 
deposition. The retainer 13 is provided with a circular 
aperture 13a and a support portion 13b which supports the 
periphery of the planar surface lib of the plano-convex lens 
11. The periphery of the planar surface lib of the plano- 

15 convex lens 11 is mounted in contact with the support portion 
13b so that the planar surface lib faces through the circular 
aperture 13a towards a vapor deposition source (not shown in 
the drawings) , and then the adjustment portion 12 is vapor 
deposited in the vapor deposition chamber 50. 

20 The thickness of the layer which should be vapor- 

depositioned is determined by measurement of the thickness 
of the plano-convex lens 11 to be adjusted. It is proper to 
perform vapor deposition by which the thickness of the 
plano-convex lens increases by the difference between the 

25 target value and the detected value of the thickness of the 
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plano-convex lens 11. It is easy to control the vapor 
deposition thickness within the sub-micron order. 

In the case of a solid immersion lens, the optically 
effective region on the planar surface lib is extremely small . 
5 As described above, the diameter of the point image is 
extremely small - within 0.0002 mm - and the optically 
effective region has a size which is several times of this 
order. Accordingly, it is essential to guarantee the 
thickness accuracy and the surface state of this effective 

10 region. The size of the circular aperture 13a is determined 
based upon this effective region. 

With the solid immersion lens 11A to which the adjustment 
portion 12 has thus been attached, as shown in FIG. IB, an 
incident ray bundle 500 is focused on the optical axis of the 

15 third optical surface 11c which is newly formed by the 
material which has been vapor - deposi tioned . Thus, by 
positioning a workpiece to be processed or to be observed near 
this third optical surface 11c, a desired optical process can 
be performed upon this workpiece by the focused light. 

20 In this manner, with this first embodiment, if the optical 

thickness of the optical component which has been 
manufactured is thinner than its target value, then it is 
possible to bring this optical thickness to the target value. 
In other words, the optical thickness can be increased by 

25 adding to the surface of the optical component by vapor 
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deposi tioning a layer of the same material as the material 
of the optical component, or a layer of a material having a 
refractive index close to that of the material of the optical 
component. Instead of vapor deposi tioning , a process of vapor 
5 growth may be used. 

In the prior art, if the optical thickness of an optical 
component fell below the permitted range for the target value 
thereof, it was not possible to repair this optical component 
itself in order to produce an acceptable product. By contrast, 

10 according to the first embodiment of the present invention, 
it becomes possible to make a poor quality component into an 
acceptable one. 

Vapor deposition and vapor growth have been used for 
forming thin layers, and layers of nanometer order thickness 

15 accuracy has been able to be formed by these methods. 

Accordingly, it is easy to control the thickness of the layer 
which is formed upon the surface of the optical component by 
the above described method to the sub-micron order (0.01 
Mm) . The added is either the same material of the optical 

20 component to be processed, or is a material whose index of 
refraction is close thereto. Accordingly the added layer can 
be considered as a portion of the optical component itself 
which adds to its thickness, and as a result it is possible 
to consider that the optical component has an optical 

25 thickness equal to its target value. 
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In this specification, the term "vapor deposition" 
includes not only vacuum vapor deposition, but also processes 
such as ion plating, ion spattering and the like in which a 
layer is formed by ionizing a vaporized substance. 
5 Although it is most desirable for the added material to 

be the same material as that of the optical component to be 
processed, if it is one whose index of refraction is close 
thereto, it can be utilized in the same manner. However, if 
a material is employed which has a different index of 

10 refraction, it is easily possible to determine the proper 
thickness thereof to be added by calculations. The 
permissible amount by which the index of refraction of the 
added material may differ from that of the material of the 
optical component varies according to the optical system in 

15 question. However, the permissible amount is allowed to the 
extent that the added material can be satisfactorily 
considered as being one of the optical elements of the optical 
system. Accordingly, this permissible variation of 
refractive index can easily be determined by a person ordinary 

20 skilled in the relevant art from the characteristics of the 
given optical system. 

FIGS. 3A and 3B are explanatory views of a thickness 
adjustment method for an optical component and of a optical 
component made by this method according to the second 

25 embodiment of the present invention. 
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As shown in FIG. 3, in the case of a plano-convex solid 
immersion lens 11 of which the thickness before adjustment 
is greater than its target value, etching is performed upon 
the second optical surface lib in order to bring this 
5 thickness closer to its target value. FIG. 3B shows a solid 
immersion lens 11B which has been adjusted to the target 
thickness. In this figure, the reference symbol 12A denotes 
a concaved out etched portion. 

Process of the second embodiment will be explained 

10 referring to FIGS. 3A and 3B. The plano-convex lens 11 is 
supported by the retainer 13 as shown in FIG. 2. At this time, 
the periphery of the planar surface lib of the plano-convex 
lens 11 is supported by the retainer 13, while the central 
portion of its planar surface lib is exposed through the 

15 aperture 13a and is exposed to hydrofluoric acid. The region 
of the planar surface lib which is not to be etched may be 
covered over by a mask. Hydrofluoric acid is used as the 
etching fluid, because it is capable of etching quartz. It 
is easy to control the etching thickness at the sub-micron 

20 level (0.01 Urn) . Thereafter, a hatched portion 12B is cut 
out to form a projected portion on which the third optical 
surface 11c has been formed by etching. It is acceptable to 
form a stepped portion 12B before etching . The stepped portion 
12B is necessary for a workpiece to be optically processed 

25 while positioning it near the third optical surface 11c. 
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The second embodiment of the present invention is 
directed to a method in which optical thickness is reduced 
up to the target value. Accordingly, the method is applied 
to an optical component that has been manufactured according 
5 to a prior art type process, e.g. polishing, whose optical 
thickness is thicker than its target value. In prior art 
methods, if after testing the optical thickness of an optical 
component was found to be greater than the permitted range 
above its target value, then the component was again fitted 

10 to the working tool and processed again as a re - ad j us tment . 
However, it is difficult to re-mount the optical component 
with good accuracy, and poor accuracy in this mounting causes 
poor processing. In particular during mass production the 
productivity becomes low, because excessive trouble is 

15 required. In contrast thereto, according to this second 

embodiment of the present invention, it becomes possible to 
enhance the proportion of goods of an acceptable quality, and 
accordingly the productivity. 

Etching is also widely used in the field of lithography. 

20 With the etching process, the thickness of a material can be 
decreased with an accuracy of nanometer order. Accordingly, 
by etching the surface of the optical component and by 
reducing its optical thickness, it is possible to attain the 
target value for this thickness at sub-micron accuracy (0.01 

25 Mm) . 
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In this specification, the term "etching" includes, not 
only wet processes such as ones in which an optical component 
is immersed in an etching fluid, but also dry processes which 
take advantage of ionic reactivity, such as ion etching, ion 
5 beam etching, and the like. 

FIG. 4 is an explanatory view of a thickness adjustment 
method for an optical component and of an optical component 
made by this method of the third embodiment of the present 
invention. The third embodiment relates to a method of 
10 manufacturing reflective - refract ive type lens in which the 
thickness thereof is brought into the target value, if the 
optical thickness of the optical element is thinner than its 
target value. 

Such a reflect ive - refract ive type lens 21 is usually used 
15 as a large aperture lens for an astronomical telescope or the 
like, and is made so as to employ marginal rays 600 which are 
incident upon it. FIG. 4 shows an example of a catadioptric 
optical system which focuses an image of an object which is 
at infinity or at a very remote distance. In other words, the 
20 marginal rays 600 are incident upon a first optical surface 
21a of the catadioptric optical lens 21 and are refracted. 
After the marginal rays 600 is reflected by reflecting layers 
22 provided upon a second optical surface 21b thereof, they 
are again reflected by another reflecting layer 23 which is 
25 provided in the central region of the first optical surface 
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21a. Finally, the marginal rays 600 are refracted by the 
second optical surface 21b, and then focused to a focal point 
upon an image plane 24 . 

However, if the thickness of the catadioptric optical 
5 lens 21 is not equal to its target value, it cannot properly 
focus the light to the focal point upon the image plane 24. 
As will be understood from FIG. 4, the influence of deviation 
in the central thickness of the lens is great as compared to 
the case with a normal refracting lens, since the light rays 
10 cross the catadioptric optical lens 21 three times due to 
reflection. Accordingly, the requirements for accuracy in 
controlling the thickness of this portion are particularly 
severe . 

When the thickness of the reflective - refractive type lens 
15 21 is thinner than its target value, the adjustment portions 
25 and 26 are provided at the central portion of the lens. 
These adjustment portions 25 and 26 are formed by vapor 
deposition or vapor growth. For example, if this 
reflective - refractive lens 21 is made from synthetic quartz, 
20 these adjustment portions 25 and 26 are formed by vapor 

deposition of Si02, just as in the case of the first embodiment 
described above. And the thickness of the reflective- 
refractive lens 21 is thereby adjusted to bring this thickness 
to the proper value for focusing the marginal rays 600 which 
25 are parallel to the optical axis to the focal point upon the 
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image plane 24. Thereafter, the reflective layer 23 is formed 
by vapor deposition or the like. 

FIG. 5 is an explanatory view of a position adjustment 
method for an optical component according to the fourth 
5 embodiment of the present invention. This optical system is 
termed a Mirau interference type objective lens, and is a 
combination of an aspherical lens 31 and a half mirror 32. 
Light rays 700 parallel to the optical axis which are incident 
upon the incident surface 31a of the aspherical lens 31 are 

10 refracted by said aspherical lens 31, and then, a portion of 
these light rays passing through the half mirror 32 is focused 
upon an observation surface 33 . Another portion of these light 
rays is reflected by the half mirror 32 and is focused upon 
a reflecting layer 34 which is provided upon a second optical 

15 surface 31b of the aspherical lens 31. The reflecting layer 
34 is formed as a planar surface of area at least the same 
as that of the observation surface 33. 

Light reflected from the observation surface 33 passes 
through the half mirror 32 and interferes with the light that 

20 has been reflected from the half mirror 32. The interference 
pattern is observed along with the image upon the image 
surface 33, if there is a difference between the shapes of 
the image surface 33 and the surface of the reflecting layer 
34 . 

25 With this type of optical system, it is necessary to 
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position the observation surface 33 and the reflecting layer 
34 in optically conjugate positions in order to obtain a 
proper interference pattern. Accordingly a high accuracy is 
required for the positional relationship between the 
5 aspherical lens 31 and the half mirror 32. It should be 

understood that the half mirror 32 is sandwiched between two 
plane plates 35 and 36 that are made from a transparent 
material . 

In this fourth preferred embodiment of the present 

10 invention, an adjustment portion 37 is provided between the 
aspherical lens 31 and the plane plate 35 so that the thickness 
thereof can be accurately controlled. This results in the 
positional relationship between the aspherical lens 31 and 
the plane plate 35 being established within the target 

15 accuracy. The adjustment portion 37 is formed as a so called 
washer (circular ring shaped element) , and may be made by 
vapor deposition, plating, vapor growth, or etching in which 
case its thickness may be considered as being negative. It 
is possible to ensure sufficient strength for the adjustment 

20 portion itself by forming the adjustment portion 37 

sufficiently thick. Alternatively, using the portion of the 
aspherical lens 31 which contacts with its effective external 
diameter against the plane plate 35 as a substrate just as 
it is, its thickness may be adjusted by vapor deposition, 

25 plating, vapor growth, or etching. 
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With this type of fourth embodiment, the position of the 
mounting surface of the optical component can be adjusted by- 
adhering a layer of material upon this mounting surface by 
vapor deposition, plating, or vapor growth. Since the 
5 thickness of a layer of material which is adhered by vapor 
deposition, plating, or vapor growth can be controlled to an 
accuracy of sub-micron order. Therefore, it is possible to 
control the position in which the optical component is mounted 
to an accuracy of sub-micron order (0.01 /im) , so that it is 

10 possible to provide an optical system of high precision. The 
same advantage is also obtainable by thinning or etching the 
mounting surface up to the target value. 

FIG. 6 is an explanatory view of a thickness adjustment 
method for an optical component, and of an optical component 

15 made by this method according to the fifth embodiment of the 
present invention. 

This optical system is a solid immersion lens which 
employs reflection from a surface which is a portion of a 
paraboloid of revolution. The outstanding characteristic of 

20 this kind of reflecting type solid immersion lens is as 

follows. Since the number of structural components is reduced 
in comparison to one which uses a refracting optical system, 
accordingly it is possible to enhance the compactness and 
reduce the weight. Consequently it is possible more quickly 

25 to shift the position of and to control the optical system. 
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Furthermore this system has the characteristic that the range 
of wavelength for the light which can be used is extremely- 
wide, since a reflecting system generates no chromatic 
aberration . 

5 In FIG. 6, the surface 41 is a portion of a curved surface 

which is a paraboloid of revolution and is rotationally 
symmetric around a central axis O'. The surface 41 is 
positioned upon the upper side of the reflecting type solid 
immersion lens 42. An added reflective layer (not shown in 

10 the figure) is provided upon this surface 41 for reflecting 
the incident light rays as required and directing them to a 
focal point. Light rays 801, 802, and 803 parallel to the 
central axis O* of the paraboloid of revolution surface 41 
are incident into the reflecting type solid immersion lens 

15 42 . Then, they are reflected off the paraboloid of revolution 
surface 41 and condensed at the focus 43 of the parabola. 

With this reflecting type solid immersion lens 42, the 
paraboloid focal point 43 is required to lie upon the central 
axis O' and upon an end surface of this reflecting type solid 

20 immersion lens 42. In order for the paraboloid focal point 
43 to fall accurately upon the lower end surface of the 
reflecting type solid immersion lens 42, in this fifth 
embodiment of the present invention, a thickness adjustment 
portion 44 is provided. In other words, if the thickness of 

25 the reflecting type solid immersion lens 42 is thinner than 
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its target value, the paraboloid focal point 43 undesirably 
falls somewhat outside the lower end surface of the reflecting 
type solid immersion lens 42. Accordingly, the thickness 
adjustment portion 44 is adhered by vapor deposition or by 
5 vapor growth so that the thickness of the reflecting type 
solid immersion lens 42 can be increased by an amount 
corresponding to this thickness adjustment portion 44. 

Conversely, if the thickness of the reflecting type solid 
immersion lens 42 is thicker than its target value, y the 

10 paraboloid focal point 43 undesirably falls somewhat inside 
the lower end surface of the reflecting type solid immersion 
lens 42. Accordingly, this lower surface of the reflecting 
type solid immersion lens 42 is etched, so that its thickness 
can be reduced. By doing this, it is possible to ensure that 

15 the paraboloid focal point 43 lies upon the lower end surface 
of the reflecting type solid immersion lens 42 to sub-micron 
accuracy . 

Since etching can reduce the thickness of a material with 
an accuracy of sub-micron order, it is possible to reduce an 
20 optical thickness with sub-micron accuracy (0.01 Um) . 
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